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Ú1
RhoEsvϧ͐n Rnd3sɝ Rho Ɲ G ϛ̦ƒɓl Rnd ͪl̨yľn̯ø






WWP2 ɝ HECT E3 ʾͱпȯќƒɓȃľrysÔŗΫ̤Ğ̘ĞƩ三͓l
ȍ˥̶Ѥϫ̨ϲτnμŹsWWP2 ŬʾͱĂ҃ϳ PTENsŤǒ Akt ´Ĭ业Ъs
²与΀ΰŤʣwWWP2 v业三ʾͱĂЎȰ TGF-β ´Ĭ业Ъl̨ Smad ϛ̦ėb
ô_̩义ИЭĂb΀ΰŁɬҀˡ三͓nŐʟ WWP2 Ĩ̙ªΫ̤ҚĲʆϺsŗ
ʁǳǬΫ̤lĨªnʼ̞Ҕ˯n 
ɯϽɉ̨͖̽Ğ̎ WWP2 Ĩ业三 HECT ΆɺŞb RhoE ̰ȯΆįsƾd业
三Ȓõ RhoE ̨ʾͱĂɷɀġÔϛ̦͕ƌǬs¤不y三͓ƾa¯Н WWP2 ̨
E3 ʾͱпȯќˆǬnWWP2 业三_Ў RhoE ̨ϛ̦ʲƼs̚ʟ¬΀ΰØΣýϛ
̦ͷ΋ҮʀϳΠsŤǒ{΀ΰ̨上ýи͑ζùnʟūɯɉƣ WWP2 ɀġ RhoE
ϛ̦͕ƌǬ̨Ĩζɱõ½è{ç͌¼ϾsnĲΊɣ˕Í͖̽ WWP2 ґʾͱпȯ
ќˆǬ¯НǬЎȰ RhoE ̨ɱõȲ®{ǫЪn 














  II 
.I,H ,
RhoE, also known as Rnd3, is a member of the Rnd subclass of the Rho family 
of small GTP-binding proteins. The most important function of RhoE is to regulate 
cytoskeleton dynamics, cell migration and neuron polarity by RhoA/Rock signaling. 
RhoE also plays a critical role in arresting cell cycle, inhibiting cell growth, and 
inducing apoptosis .Increasing data have shown that aberrant RhoE expression may 
cause some systemic diseases; especially in apoptotic cardiomyopathy, developmental 
arrhythmogenesis and heart failure, hydrocephalus, tumor metastasis and 
chemotherapy resistance. Therefore, a better insight of the function and regulation of 
RhoE would be important for prediction and treatment of multiple human diseases. 
WWP2 is one of the HECT E3 ubiquitination ligase. It is important in 
tumorigenesis by directly targeting oncogene products and tumor suppressors. It 
targets PTEN and mediates its proteolytic degradation and enhances Akt signaling 
pathway. WWP2 is also involved in epithelial-mesenchymal transition, as well as cell 
cycle arrest, by targeting Smads proteins in the TGF-β signaling pathway. It has been 
suggested that WWP2 isoforms can be potentially used as prognostic markers, as well 
as therapeutic targets for certain malignancies. 
In this study, we demonstrate that WWP2 interacts with RhoE directly with its 
HECT domain. WWP2 inhibits the ubiquitination of RhoE and prevents RhoE from 
degradation indepent of the activity of E3 ligase. Therefore, WWP2 may mediate 
actin cytoskeleton dynamics and cell migration by upgrading RhoE. Meanwhile, we 
provide a guideline for further research of the regulation of RhoE and WWP2 by 
providing several potential molecular mechanisms for WWP2 inhibiting RhoE 
ubiquitination. 


















Ɲ G ϛ̦ɝyͪb GTP ΆįƾÁĂÔʲϳ̨ќsŗ΀ΰØȍ˥̶êƀ《
Ǫ́ϲτ[1]nƝ G ϛ̦ɧi͌̄ǨsΆį GTP ̨˨ˆ̄ǨbΆį GDP ̨ґ˨
ˆ̄Ǩ[2]sŨ˨ˆ̄Ǩ̨Ɲ G ϛ̦Ɯb`˜ɂ。ϛ̦Άįƾ˨ˆƈnƝ G
ϛ̦Ġ`^͌Őƀ̨ЎυvҲŊŀʌψ中ЭȩŐƀ (guanine nucleotide 
exchange factors, GEFs)sƹþƝ G ϛ̦b GDP ê͊ƾb GTP Άįs˨ˆƝ G
ϛ̦wGTP ќˆĂϛ̦ (GTPase-activating proteins, GAPs)s˨ˆƝ G ϛ̨̦
GTP ќˆǬsʲϳ GTP ġn GDP ǕǍsȒõƝ G ϛ̦Ɨ`˜ɂ。ϛ̨̦ª̙
[3, 4, 5]wҲŊŀʌψ中ϳ͊Ȓõ÷ (guanine nucleotide dissociation inhibitors, 
GDIs)sȒõƝ G ϛ̦b GEF ̱ª̙[6]n 
Rho ƒɓɝƝ G ϛ̦ Ras Сƒɓl̨yľsƃŗȆɧ̵ʌ̘́lsoϫ
业三̰ȯЎυ΀ΰҮʀýǨġĂɷǖŅŬ͌΀ΰûζnŗņzý́lƃŗ 20 Ŭ
k Rho ƒɓȃľsƈl̨ů两êvƃŗҲͪŃ˺Ϣý́ [7]n 
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ů两ê Rho ϛ̦ŗ˨ˆ̨ GTP ǕǍbґ˨ˆ̨ GDP ǕǍr义Эȩsƈ





Ŕ 1.2 Rho ƒɓȃľ 
̯øůŬɆ͖̽严Ҍl_с业三΄ÖɱõЎǪ̇̄ Rho ƒɓȃľn҅ʟr
ūsɧÏıґÖŝ̨ Rho ƒɓȃľ (Ŕ 1.2)s不ґÖŝ Rho ƒɓȃľ业ƺ
Ħb GTP ΆįsŐŗÞƌ GTP ќˆǬ̨ÓѲ两¥ΒŲ{yʰŠ中 (Ź Rnd
ϛ̦Ń RhoH)sĤy (Ź RhoU2[8]) ïĞ̘ʰŠ中̨ğΛɔʽʲϳ GTPn
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İůŬɆ Rho ƒɓȃľyʋsRnd ϛ̦vŗΗЄĲ C ͠ü_ͪ》Ȃ
˲ηŠős¬ǝƈĨƌ¥ŗξ_[10]nɥ˹Ǵ̨ Rho ƒɓȃľs
RhoAmRac1 Ń Cdc42 严ϧ 20 k̨̈́ҧīŠҧīŠͪ》Ȃ˲Šőµ乱sΛ
Rnd ϛ̦ϧ 15 k̨̈́ʽƤŠőµ乱[10]n不Ĩζǽł̶ Rnd ϛ̦b΀ΰξ̨̱
ª̙ǒǆ丁øΚ¦s¤不k̇，мʷɧϧ̘ĂƎҬϿƎn 
ŗb GAP ȅ GEF Άįrūsy Rho ƒɓȃľvb RhoGDI Άįn
RhoGDI Άįŗ Rho ϛ̨̦ C ͪ͠》Ȃ˲ηŠő_sѼʝ Rho ϛ̦Ѱô΀ΰ
ξ_[11]n˴Λ Rnd ϛ̦Đab RhoGDI ΆįnRnd1 Ń RhoE oϫƃŗξ_s
Rnd2 oϫƃŗ΀ΰИl[10]n 
Rnd ϛ̦aŗ GTP Άį̄Ǩb GDP Άį̄Ǩr义ëȩsǢƌɧÔЎ
Ȱɱõnɗɬ͖̽ϤəsRnd ƒɓ̨^kŠŐŗ̨Ŭ͌Ϳ΁lɧϤзsÔ
l Rnd1 ɥҰϤзůκŃΥιlsRnd2 ɥҰϤзŗ̷ml[12]nRhoE ̨ŠŐ
ϤзҰǆĨЎs˴Λ̎ŗмa˘ʕɝĵ Rnd1 Ń Rnd2 ̨ϤзvɝҰǆĨЎ̨n
Ser 7/11 ¥˯̨͆中ĂζŮŤǒ RhoE ̨͕ƌǬsɀġƈ̨΀ΰƌ¥[13]n˴Λ
ʟ¥˯aƃŗ Rnd1 Ń Rnd2 lsмa˘ʕɝĵ͆中Ăvζɀġ Rnd1 Ń Rnd2
̨ƌ¥Ě͕ƌǬnRnd ϛ̦Ĩ҃¦Σ̒ϛ̦ȿΑǬsǖŅ΀ΰи͑Ń͈΄΀ΰ
ĞΨsȒõ΀ΰŤʣs²与΀ΰƃˆ[14] (Ϥ 1.1)n 
Ϥ 1.1 b Rnd ϛ̦ÒİĞȤª̨̙Őƀ[14] 
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ǖŅsRhomRac Ń Cdc42 ƣɝÔlɥϕı̨^kȃľ[30, 31]nɧȗюϤəŗ 3T3
ȃͷ΋΀ΰlsRho ЎȰ。ùͷ΋̨ǕȃsRac ЎȰ˼̄ Ф̨ǕȃsCdc42 Ў
Ȱḡ Ф̨Ǖȃ[32, 33, 34, 35]n 
ªn Rho ƒɓ̨ykґÖŝȃľsRhoE ėbô业三Ȓõ RhoA ̨`˜˨
ќ Rho ̱ÓđɢϞɒǕȃϛ̦˨ќ I (Rho-associated coiled-coil kinase I, ROCK I) 
ЎȰΣýϛ̦΀ΰҮʀѤǫ̃̄三͓(Ŕ 1.3)nRhoE Ĩ͝}ǬΆį ROCK I ƾȒ
õÔ͆中Ă`˜ǅ́sΛ²与。ùͷ΋ϳΠnnƜ RhoE ɞǟˁƛô Madin-
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lsĨϮƖô。ùͷ΋ƊÎˎŲsΣýϛ̦ǟgŗ΀ΰИlΠҌn˴Λsŗ
ʷɧ。ùͷ΋Ṉ́Óͭҁêƀ̨Ưō΀ΰlsRhoE ǏР̨Σýϛ̦ѤͿƙρ΀
ΰαƩèͪβḡ ФŃ Ф̨Ǖ̄[37, 36, 38]nʟūsRhoE мǏРaİͪŝ
̨Ø̩΀ΰ。ùͷ΋ɆѦ̺ɡ`҃Ěȯ`ɷǥы̨ŤѴ[39]n 
 




























Ŕ 1.4 Rnd3/RhoE ǖŅ͈΄ÆɹĂ[40] 
ȪȗюsRhoE ŗ΋Ƞ͈΄ÆŃ͈΄δИ΀ΰ̨ɹǬ_РŬɐғÞƌǬª̙
[45, 46, 47, 48, 49]nɧ͖̽Ϥəs̩И͈΄Æ̨и͑Ҏϫ RhoE ̨ėbnRhoE ̨ΒŲ
ƙρ͈΄͙l F-Σýϛ̦š͏sƾȏyiɹ͈΄Æ̨и͑[46]nRhoE ϤзĠƻ
ȏvƙρĔ͈΄ЭǔŐƀ AscII ҩý̨̩ƨ͈΄ÆêƴΒ҇[48]n与yʠ̨̽
͖ϤəsRhoE ėbô／Ҩ͈΄Æ̨͙ϴĞ̘三͓l[45]nΒŲ RhoE ̨／Ҩ͈΄
ÆŗЮ̨͙ǭѴǆŃɆѦ_严ɧȆ`҃sЮ͙ĳūαƩɧȆåƞs͈΄ÆɹĂ
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(Ŕ 1.4)nŗгƛ̨͈̄΄δИ΀ΰlsRhoE ЎȰĄ义ýǨʌи͑ (interkinetic 
nuclear migration)sȰõɧgêϩͽѱ§̨ğĳsƾ业三ȒõΣýϛ̦g̨ŬΠ
΋Ƞҵ̶пȯ[47]n 
ѧ RhoE Ĩζ业三Σýϛ̦¯Н (Σýϛ̦΀ΰҮʀȭí) ŃґΣýϛ̦





RhoE ɝ p53 `˜̨Ҕϛ̦sĨ业三Ȓõ ROCK I ƙ̨΀ΰäɷƹþ΀ΰ





yҗɗɬ͖̽ȡèⅠγʰ中ŰÛʰ中ϛ̦ќ-3 (caspase-3) Ɯ 160 kDa ̨
ROCK I ϛ̦Иëȃ 130 kDa ̨ ROCK I ˼ʤs (ǡΣ΀ΰl) 不y˼ʤʲƼ_
ЎĨƙρǡΣ΀ΰäs²与ͪǡûζϥ̨͟ĞƩ[53]n业三ϮƖ RhoE ŠŐ
ΒŲ̨Ɲ予ʘŝsɧȗю与yʠ之с RhoE ̨ŠŐΒŲƜ¬Ɲ予ǡιl ROCK I
´ĬСѦˆĂsƙρ΀ΰä̨ǡΣ̡Ńǡûζϥ͟[54]nŗoýθǎΑ͚ɰ 
(transverse aortic constriction, TAC) rĲ RhoE+/-Rock-/-Ɲ予丁 RhoE+/-Ɲ予Λϵ
ζ两êȧŏǡΣ΀ΰäsϤəŗ RhoE ΒŲ̨ǡΣ΀ΰlɧґ ROCK I ¯
Н´Ĭ业ЪėbЎȰǡΣ΀ΰ̨ä[40]n 
ɧɗɬȗю͐ŗ΄ UVB ˵ƛŲ̃̓ͪϲИĂ΀ΰlsRhoE ϛ̦ʲƼ̨
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΀ΰä̨ЎȰ[57, 58, 59, 60, 61]nŗŬ͌ͪΫ̤΀ΰ——”ȟ U87 ǳǬδИ̤΀
ΰmT84 ΆΦ̥΀ΰŃ A375 ǳǬ了τͱ̤΀ΰ——lsRhoE ̨三ϤзζŮ¬
ϰΔξʥ΀ΰ̤ϛ̦ (retinoblastoma protein, Rb) ŲˆsΛ²与΀ΰä[59]n
ŗ DU-145 RhoE 乎Ǭøíν̥΀ΰlsRhoE ̨三ϤзζˆĂ caspase-3s²与
΀ΰä[57]nĤūsBAX[58, 61]sBCL-2[61]sʑͬɊ̐ϛ̦ (plakoglobin)[60]΀ΰ




yͰí~s不y三͓jʎĠô΀ΰŁɬϛ̦ (cyclin) Ě΀ΰϛ̦¯НǬ˨ќ 
(cyclin-dependent kinase, CDK) ЎȰ[62]n΀ΰŁɬϛ̦ D ɝŗ不k三͓lРѤ
ϫª̨̙oϫ΀ΰŁɬϛ̦rysĨbŎk CDK ΆįvCDK2sCDK4sCDK5
Ń CDK6nyҗɗɬ͖̽Ϥəŗ 3T3 ȃͷ΋΀ΰlsЉƙ RhoE ϤзĨ¬΀ΰ
ůѦΠҌŗ G1 ɬnʟūsRhoE 三Ϥз̨΀ΰŗ΀ΰŁɬİʠĂô G0 ɬĲĠ
ôϡ˘ö˨sɔʽƊȃ G1/S ЭȩnRhoE ǏР̨΀ΰŁɬ¾ˡɝ̚΀ΰŁɬ
ϛ̦ D1 ȅ p21cip1 ̨ϤзĠô{Ȓõ[63]n˴ΛsRhoE ƾab΀ΰŁɬϛ̦ D1
̨ĸýƀΆįǖŅÔϤзsΛɝŗ΀ΰŁɬϛ̦ D1 ̨ЭǔĲʲƼ_ǖŅÔ
ϤзnɧУ̨ɝsċ̅三Ϥз΀ΰŁɬϛ̦ D1 aФËɩ RhoE ǏР̨΀ΰŁ
ɬ¾ˡs。ЈмɧÔêƀėbô不y三̨͓ЎȰl[63]nŗøíν̥΀ΰ DU-
145 lsRhoE ̨_ЎȒõ Cdc42 Ń΀ΰŁɬϛ̦ B1 ̨Ϥзs΀ΰŁɬ¾ˡ
G2/M ɬ[57]n̚ʟĨϭsRhoE Ĩζŗ΀ΰŁɬ̨ŬkѿʤbaĮ̇Őƀ̱ª
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Ŕ 1.5 Rnd3/RhoE ǖŅ΀ΰŁɬ[40] 
	) ¥Ç:
ŗ΀ΰêĄ̆三͓lsŬ͌ͪŝ̨΀ΰʘŝ严ζϮƖô RhoE Ϥз̨_
Ўnɧ͖̽[64]Ϥə΄ŷǬzνͿ΁lҰêĂŝƝī 3 (Lob 3) lsRhoE 
mRNA ̨ϤзʲƼʨɭ΄ŷǬzνͿ΁lɭêĂŝƝī 1 (Lob 1) Ұè 9.4
¶n不Ğ̎ϤəsŗͪzνƝīêĄ̆三͓l RhoE ̨ϤзѦè̎ư》n
ŗҮүΣȃΣ΀ΰǕȃŬʌΣ̨ͧ三͓lsêĂŃϝįĆêÓѲnɧ͖̽[65]ȡ
èŤü RhoE ϤзȒõ RhoA/ROCK I ˆǬƗȃΣ΀ΰ̨ϝįπÓѤϫn业三
Ťǒ RhoEsåǑ ROCK ImRhoA Ń RhoGAP ɷƻȏ Rho ´Ĭ业ЪsƗƝ予ȃ
Σ΀ΰ C2C12 ΀ΰl G ϛ̦Š [Gα(z)] Љƙ̨ȃΣêĂ三͓ĆêѤϫ[66]n
ŗ΅ʪ΀ΰˠ×ƨϝį̨§ūʘŝls΀ΰ˚шǬ̍ AMP ͪβ́ (cell 
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